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HEREDITARY CORRELATION OF SIZE 
AND COLOR CHARACTERS IN 
TOMATOES! 
By E. W. Lindstrom 
From the hereditary standpoint, color and size characters 
in either plants or animals are not equally well understood. In 
gencral, the inheritance of color, technically lrnown as a quali-
tative character, has been rather satisfactorily determined. On 
the modern chromosome theory of heredity, the genetic factors 
responsible for the development of colors appear to be located 
on the various chromosomes of the species and apparently follow 
a regular, stable and predictable mode of inheritance from gen-
eration to generation. Environmental agencies playa relatively 
minor part in ;modifying such characters. I t is for this rea-
son, perhaps, that their inheritance has been so thoroly inves-
tigated. 
However, with respect to size characters, technically known 
as quantitative characters, the exact mode of inheritance is still 
somewhat uncertain. Presumably this is due to the complexity 
of these characters and to their marked susceptibility to environ-
mental influence. The multple-factor hypothesis, which is the 
most reasonable explanation of quantitative inheritance at the 
present time, is still in need of verification. Also the manner in 
which genetic factors for size react in the development of such 
quantitative characters needs explanation. 
Perhaps one of the most direct means of actually testing 
whether quantitative inheritance depends upon the same heredit-
ary mechanism as does qualitative inheritance is by determining 
the presence or absence of genetic linkages between these two 
£orts of characters. If they are dependent on the same mechan-
ism of heredity, cases should be f0U11d in which size and color 
are genetically associated with each other because their factors 
are carried on the same chromosome. It seems reasonable to sup-
pose that in the evolution of varieties of plants or breeds of ani-
mals, certain major factors for size may have become very closely 
associated on the chromosomes with certain color factors, in 
which case appropriate hybridization experiments should bring 
out this correlation. 
'P",per No. 8 from the Department of Genetics. Iowa State College. Am!) 'l, 
Iowa. 
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It was thought that the tomato (Lycopm'sicll1n csc1llentnm 
MilL), because of its natur.al method of close self-pollination and 
its commercial development into many varieties, with a good 
assortment of sizes of fruits and colors, would offer a splendid 
chance to test such a situation. Accordingly, nU,mcrous pure 
varieties of tomatoes with different colors and sizes of fruit were 
crossed in various eombinations. The general plan was to make 
tets of varietal crosses in the following manner: 
1. Large 1'cd x small y ellow . 
2. Small red x large y ellow. 
In these erosses large size is in one case contributed by a red 
v:1riety, while in the other by the yellow parental v:1riety. It is 
in this manner only that color and size associations, if found, 
can be differentiated as to their cause, since any correlation dis-
covered may be either physiological or genetical, bro:1dly speak. 
in(5. For example, if it were found that r ed color and large size 
were a lways cor related in tomatoes, the cause might be conceived 
as the physiological one of the red color itself being in some way 
more conducive to greater size of f ruit. How:ever , if it could 
be shown that red color is correlated with greater size only be-
cause it happened that the red parental variety carried the larger 
size, then obviously the cause would seem to be a genetieal one. 
Actually to prove the existence of such a genetic associati.::m of 
color and size, it would be necessary to show that greater size 
could be associated with yellow color whenever yellow color :mcl 
large size were contributed by the same parental variety. Ac-
cordingly, it is essential that such combinations of crosses as 
are listed in the illustration be investigated. 
There ar e relatively few published records of genetic co1'1'eb-
tions or linkages between qualit.ative and quantitative charac-
ters in plants or animals. H oshino (2) reported a possible case 
in peas wherein there seemed to be an association between flower 
color and time of flowering. To the wrtier's kn owledge the 
cause of this correlation has never been determined. Halsted. (1) 
in a cross of two varieties of tomatoes gave some F" dab in 
which there was a slight association of flesh color and size of 
fruit. At that time no logical interpretation of this situation 
was made and the correlation was reported only in o:'1e direction. 
Warren (9) in an analysis of egg-size inheritance in Drosophila 
m cZctnogaster, found that certain factors controlling egg size 
were linked with qualitative factors located on all of the chromo-
sames in this species of insect. 
In the garden bean (PhasMZ1ls v1Llgaris) both Sax (5) and 
Sirks (7) have de,monstrated that a correlation between size and 
color exists, wherein weight of beans is apparently correlated 
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with color in the seed coat. Appropriate crosses were not made 
to differentiate this correlation on a physiological or genetical 
basis, however. A preliminary report, Lindstrom (3), on work 
with the tomato pointed clearly to a correlation between size 
of fruit and skin color. This situation has now been enl,arged 
::md the earlier results verified. In addition, the relation be-
tween size factors and flesh color of the fruit has been investi-
gated and critical dab are now available. 
MATERIAL AND METHODS 
Using co;nmereial varieties of tomatoes that had been undm' 
experimental control for one generation before the cross-pollina-
tions were effected, the following nine crosses involving differ-
ent colors and sizes of fruit were successfully made reciprocally, 
and hybrid generations from them studied: 
1. R ed Chen'Y (small) x Golden B eatdy (lm'ge) 
2. Bonny B est ( lG1"ge) x Y ellow P each (medinm) 
3. New Globe (la?'ge) x Y ellow Chen"v (small) 
'1. .fohn Baer (large) x Yellow P each (medium) 
5. Red Cherry (small) x Yellow P each (meditlm) 
G. DW([1"i Giant (large) x Yellow P each (medi1l1n) 
7. John Baer (large) x Golden B eatlty (b1"ge , bld smaller 
than John BaeT) 
8. D'U:arf Giant (lcwge) x Y ellow Chen"y (snwll) 
9. Bonny B es t (large) .x Y ellow Cherry (small) 
,Most of the original crosses were made in the field and were 
properly bagged after emasculation and pollination. Some of 
the lnckcrosses were made in the greenhouse and in this case the 
flowers were not bagged. The individual plants under theso cir-
cumstances were kept separately in various corners of the green-
house and it is believed that contamination could not have oc-
curred. Became of the large number of characters that differ-
entiated the parental varieties, it may be st.ated that any effects 
of contamination would soon have become noticeable. 
Plantings were Illade both in the greenhouse and in the :aeld. 
Greenhouse plants were eventually potted in eight inch pots, 
using uniformly mixed soil. In all cases the potting was dDnc 
the sa,me day. Care was taken to provide as nearly equal condi-
tions of light and temperature as was p03sible, by dint of fre-
quent shiftings to different parts of the bench. The p lants were 
staked and trained to a single stem. '1'he growing tip W 2G 
. pruned after three to five clusters of fruits had set. Despite 
these precautions, it is felt that environmental conditions in the 
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greenhouse, where two or three hundred plants are being grown 
at one time, are exceedingly difficult to equalize. 
Field plants were started in the greenhouse and, on being 
transplanted, were carefully regulated as to spacing, replication 
and treatment. All transplanting from greenhouse to field was. 
done the same day. Rows were three and a half feet apart and 
plants in the rows three feet apart. About the middle of Aug-
ust (after five or more clusters had set fruit ) the plants were 
severely pruned so that individual notes could be taken with 
greater certainty. No other pruning or training w'as resorted 
to in the fi eld. 
Color notes were checked by the writer and by an assistar:t 
independen.tly. The blooming date was determined daily by 
noting the opening of the first flower in the first cluster. Fruit~ 
were measured (polar and equatorial diameters) with a caliper, 
and readings taken to the nearest millimet er. Weights of indi-
vidual fruits were taken to the nearest gram. Ordinarily from 
three to five representative fruits were chosen from a single plant 
for measurements and weights. More fruits were used in cases 
of obvious irregularity in fruiting. The assistants were carefully 
instructed to choose average fruits . Spccific gravity of the fruit 
w.as determined in some instances. After all the notes were 
taken, an observational check on fruit size and color was made 
on the r emaining fruits so as to catch any very evident misjudg-
ment''''. 
COLOR INHERITANCE 
Prior to any discussion of the relation between color factors 
and quantitative characters it is essential that a brief summary 
statement be made as to the heredity of color in the tomato. A 
full report of the genetics of fruit color in this species has :1p-
peared in a recent paper (Lindstro)l1, 1925). Subsequent to this. 
work, .:tdditional data have accumulated that will be included 
herein. 
Fruit color of tomatoes depends primarily on two pairs of 
hereditary factors, R1' and Yy. Dominant R is responsible for 
re-d flesh color, whereas the r ecessive r factor , when homozygous, 
produces the yellow flesh color, due presumably to the absence 
of the reddish , needle-shaped pigment crystals present in the red 
fleshed varieties. Dominant Y controls the formation of a dis-
tinct yellow pigment residing in the epidermal cell walls, while 
• At one time or anothe r during the progress of these expe riments th" 
following graduate students in genetics have assisted: Mr. K. M. Liu. Mr. 
C. S. McClesky. Mr. M . R. Irwin. and Mr. G. H . Rieman. Dr. ·W. · 
A . Carver also h e lped with the earlie r cross-pollination work and measure-
nlents. 
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Table I SUMMARY OF COLOR INHERITANCE IN THE T OMATO 
-F2 generations of varietal crosses 
I RY I I rY I ry I Diffe r ence Crange- Ry Dark ,Pale 10:6 
r ed Pink ye llow yellow basis 
Crosses 
Type -1", (RY x ry) I I 1 1---' 
From tabl e II (Linds trom 1925 )* 294 90 1 75 I 26 1 
l{ed Cherry x Y e llow P each I 122 49 1 43 I 12 1 
John Raer x Golden Beauty 26 13 , 11 1 2 I 
..John Eaer x Y ellow Peach 85 1 23 1 31 I 6 I 
'Totalob-served ,-527- 1-175- 1-160- ,-46-1-5-:-5 ± 9.S 
'Total expect ed 1 511 1~'~1_5~'==== 
Type -1", (Ry xrY) 1 1---1--- '---' 
From t a ble II (Linds trom 1925)' 84 25 , 20 , 8 I 
ned Peach x Golden Fig 1 36 , 9 1 12 , 3 , 
'TotaJObse rved 1-120- 1-34- ,-32- ,-11- ' -=-7-:-9 ± 4~6 
'Total expected 1 111 1 37 , 37 1 12 , 
gene y produces a colorless or transparent condition of the cell 
walls of the fruit skin or epidermis. For all practical purposes, 
both Rand Y exhibit complete dominance. 
Such a situation provides for four basic color combinations 
-characteristic of all tomato fruits, as follows: 
RY-orange-red (red flesh showing thru yellow skin) 
Ry-light red , pink or "purple" (red flesh unobscured by any 
skin color) 
l' Y -dark yellow (yellow both in flesh and skin) 
ry-pale yellow (yellow flesh showing thru a colorless epi-
.uermis) 
Genes Rand Y appear to be inherited independently of each 
{)ther, that is, they are borne on different chromosomes. Data 
to support this statement are to be found in tables I and II. In 
table I there are F 2 data arising both from the crosses RR YY x 
rr yy, and RR yy x rr YY. 
Apparently there is no evidence of linked inheritance here since 
<1 9:3:3:1 phenotypic, F 2 ratio of the four fruit color combina-
tions is very closely approximated. With a total of 1105 F 2 
plants the deviations from expectancy on the basis of independ-
-cnt inheritance were compamtively insignificant. The same 
-conclusion ,may be more readily drawn from the series of back-
·crosses shown in table II, where 1 : 1 : 1 : 1 ratio of the four 
-color types is so closely approached among a total of 920 plants. 
There is accordingly ample justification for believing that 
genes Rr and Y yare carried on different pairs of chromosomes 
·Summary frem a previous publication. 
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T ab:e II. SU:\1MARY OF COLOR INHERITANCE IN THE TOMATO 
Dat::t from backcrosses of various dihybrid FI p lants on the double 
recessive t ypes. 
Crosses I or~:ge-I Ry I rJa~k I P",iie I e~~~er-1 
red Pink yellow yellow basis 
Type F , (RY x ryrx ry I ,---,---,- --, 
From table HI (Lindstrom 1D25)* 112 I 93 , as , 94 I 
(Bonn.:y Best x Yellow Peach) I' I 
x Golden Beauty 15 18 12 I 16 I 
(Dwarf Giant x Yellow Peach) I I ' I I 
x Yellow Peach 30 29 I 28 I 33 I 
(Dwarf Giant x Yellow Peach) 'I I 
x Golden Beauty 40 42 I 32 I 31 I 
Tota l 0bscrvcd 197 I 182 , 165 , 174 I 
Tota l expecte-d 179. 5 179. 5! 179.5 1 179. 51 12 ± 9 .0 
Tpye F , (RyxrY) x ry , 
From table III (Lindstrom 1925)' , 35 38 30 26 (New Globe x Yellow Cherr y) , 
x Golden Beauty , 18 18 17 20 
T otal observ<?d 53 , 56 I 47 I 46 I Total expecte ,] 50.51 50.51 50.5 1 50.5 1 -2 ± 4 .8 
in the tomato. As far as is known, there are no other qualitative 
genes on these chromosomes at the present t ime since it has been 
established, Lindstrom (4), that the d,,"arf (d ) and" peach" (p) 
factors are independently inherited of both of the color factors. 
These two genes have been found to be linked, and data taken 
on some of the crosses reported herein have shown only three 
non-parental or cross-over types in a total of 119 plants. 'rhis 
gives a crossover p ercentage of 2.5, indicating that the d and p 
factors arc not completely linked as was found to be true in the 
earlier report. 
RELATION OF COLOR AND SIZE FACTORS 
Experiments involving the color factor pairs R1· and Y y, and 
various sizes of tomato fruits were planned so as t o test any re-
lation existing between these 1wo sorts of char.acters. Size of 
fruit of a plant was determined by weight, number of seed 10-
cules, and polar and equatorial diameters. B ecause of the high 
correlation existing between weight of fruit and the other phys-
ical charactors, the following discussions will center on fruit 
weight primarily, altho data for the other characters are also 
presented. 
Three of the most important crosses will be discussed indi-
vidually, the others being grouped into a miscellaneous class. 
*Summary from a previous publication. 
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nED CHERRY X GOLDEN BEAUTY CROSS 
The varietal cross Red Cherry x Golden Beauty gave the most 
striking data on the problem. In this case the cross was made 
reciprocally bctwecn these commcrcial varieties, and the par-
ental, F 1> F 2 and backcross gcnerations growl1 in the field during 
the same season (1923). Red Cherry (RR YY) is a very small, 
early type, extremely uniform in fruit size. Under the field con-
ditions of this experiment its average fruit weight was 7.3 ± 0.3 
grams. The Golden Beauty (1'1' yy) parent was somewhat lator 
and more variable· and had a mean fruit weight of 166.5 ± 6.4 
grams. The first hybrid generation (F, ) of this cross and it:; 
reciprocal, carrying the color gencs RT Yy, averaged 23.9 ± 0.4 
grams in weight. This indicates an appreciable dominance of 
thc smaller fruit type. This F ', generation was backcrossed 'iD 
the mcdi um -sized Yellow P each variety (r"T yy, average weight 
51.0 grams) and also to the parcntal Golden Beauty variety. 
Data from these two backcross generations and the F 2 genera-
tion are arranged in table III in such a manner as to show the 
aver.age weight of fruit for each of the two pairs of color factors 
in these hybrid generations. 
Were there no relation between color and size, the F 2 and 
lnckcross generation fruits of any color type should exhibit ap-
proximately the same average weight. Apparently there is no 
great difference in the average weight of fruits with red flesh 
(R) as compared with those of the yellow flesh (1') color. It is 
true that in all three hybrid generations in table III, the yellow-
fleshed fruits (I') are slightly heavier . The differences, how-
ever, are in no case statistically significant. Nevertheless, the 
mere fact that in all three hybrid generations the yellow fruits 
are consistently heavier would seem to indic.ate that the l' color 
factor, contributed by the larger Golden Beauty parent (n' yy), 
was associated with the larger fruit weight, if only to a slight 
extent. It is not desired to stress this linkage 01' correlation, if 
T a ble HI. HYERID GENERATIONS OF THE RED CHERRY (SMALL) 
x GOLDEN BEAUTY (LARGE) CROSS SHOWING AVERAGE WEIGHT 
(GRAMS) OF FRIUTS IN RELATIGN TO FLESH AND SKIN COLOR 
Flesh color II Skin color G e n e ration 
R r D~~~~'- Y y D~~~;-
F, g"e n e ration 126.0±0.7 1 32.6±2.D \ 6.6±3.0 123.6±0.6 1 38.3±2.1 114.7±2.2 
RR YYx rr y y 1 I 1 1 1 
No. of pl a nts l 81 18 1 I 75 1 24 1 
1"1 x Yellow--I I Iii 1---
Poach 136.1 ± 1.1 36.6 ± 1.2 I 0 .5.±1.6 1 2D.4 j- 0 .7 1 44.0 + 1.2 1 14.6±1. 4 
No. of pla nts l 78 1 46 1 1 66 1 58 1 _ _ _ 
FIXGOldc-n - 1 1 1 1 1 1 
Beauly 63.0 ± 3.2 \ 64.7±2.4 1 1.7±4 .0 I 51.2±Z.0 179.2 ± 2 . 8 128.0±3.4 
No. of plants 32 28 33 1 27 1 
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existent, because the other color factors, Y and y, exhibit such a 
very significant relationship with weight and serve to emphasize 
the point at hand. 
Considering now the relation between skin color (controlled 
by genes Y and y) and weight, it is obvious that in all three 
hybrid generations the fruits with the colorless or transparent 
skin type are consistently heavier. The difference in average 
fruit weight of the Y and y color classes are so marked and so 
consistent that mere inspection of the data is sufficient to pro-
nounce them significant. In all three progenies, the colorless-
skinned fruits are approximately 50 percent larger than the 
yellow-skinned fruits. vVhen the probable errors of these dif-
fel'ences are considered, all three show that they could not rea-
sonably be attributed to chance. 
Thus it is evident that the recessive, colorless-skin factor y 
is closely associated with a greater weight of fruit in this cross. 
As the data now stand, it would be possible for physiological re-
lation to exist between these two characters so that colorless skin 
itself might be directly responsible far increased fruit weight. 
From the data given under the Bonny Best x Yellaw Peach 
cross, hawever, it will be shaw'll that the colorless-skinned fruits 
in that crass are smaller· than those with the yellow skin, thus 
demonstrating that the casual relation is nat essentially physio-
logical, but is genetical. In other wards, the recessive y-type fruits 
of the Red Cherry x Golden Beauty C1' OSS are larger presumably 
because the Golden Beauty parent contributed bath the y color 
factor and certain hereditary factors for larger size. On the 
chromosome theary af heredity, the same chromosame that bears 
y carries a linked factor (or factars) for greater size, whereas 
the calor allelomorph Y is an an hamologous chromasome also 
be:lring one or more factors far smaller fruit. 
The relations between the Y y color genes and size are some-
what more easily visualized when they are plotted as frequency 
curves as has been done in fig 1 for the three hybrid generations. 
It is interesting to abserve that in all three cases there arc 
definite indications of segregation far size differences. This is 
especially true in the backcross generations, where several dis-
tinct modes appear, indicating perhaps the existence of majo~' 
genotypes for size of fruit. These are sa,rnewhat obscured in the 
1<\ generatian by the skewness of the curve occasioned no. doubt 
by the partial daminance of small size, and yet it may clearly 
be seen that the great majarity of the smaller fruited plants are 
those with the daminant Y-type af skin. These evidences of size 
segregation are being studied in detail, but it is not the object 
of the present report to analyze the inheritance of size as such. 
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Table IV. RELATION OF SKIN COLOR FACTORS TO OTHER CHARAC-
TERS IN THE RED CHERRY x GOLDEN BEAUTY CROSS 
I 
Days to I Number I Polar I EquatoriaC 
y
flOWermg locules di:;:;,;;~er di:;:;';;~ 
y y yy y y y 
Ge:'1era tions 
F:-g-C-ne-r-l-t'-'o-n---1-78 .T-· 80.5 1-2.-9--3- .3130-.4--35 .··n34:"8--41. 2-
} ', x Yellow Peach 78.5 80.7 3.0 3.0 I 32.7 36 .9 I 37.8 43.6 
1.', x Golden Beauty I 77.7 80.0 3.8 4.1 37.7 43.7 I 46.8 55.1 
In order to confirm the findings with weight in relation to tho 
skin color factors, table IV has been prepared in which other 
characters, such as days to flowering (time of opening of the first 
flowcr in the first cluster), number of secd locules, polar and 
equatorial diameters of the fruits are arranged according to the 
skin color classes in the same three hybrid generations discussed 
in the preceding paragraphs. In this table, there is the same 
consistent difference with respect to the color factors, namely that 
the colorless-skinned fruits (y) have the largest measurements. 
This perhaps is to be expected since l1l1,mber of locules, polar and 
equatorial di,ametors are correlated with fruit weight. 
The physiologist on seeing that the y-type of fruits flowered 
later than the Y-type might deduce that therein lay the c:1usal 
agency that produces larger fruits with the colorless skin, sincG 
lateness is very often associ,ated with relatively larger size in 
plants. In order to show that there is no inherent influence of 
time of flowering on weight of fruit, a multiple correlation deter-
mination was made, using w,eight as the dependent variable and 
the four characters listed in table IV as the independent vari-
ables. 'rhe simple correlations, multiple correlation, and the p:1I'-
tial regression coefficients of the F 2 generation of the Red Cherry 
x Golden Beauty cross are listed in tahle V. These were calcu-
lated by the methods described by Wallace and Snedecor (8) . 
It may be seen from table V that de3pite the sensible correla-
tion between time of flowering and fruit weight ( .28 ± .06), 
thero is apparently no inherent relationship between the two 
characters, since the partial regression coefficient (- .026) is SJ 
insignificant. Hence one may reasonably suspect that time of 
flowering in this particular cross has no fundamental influence 
on the weight of fruit. An average difference of two days 
(80.5 - 78.4 days) in table IV is considered of no practical sig-
nificance. Also it is to be borne in mind that in this cross the 
l.arger Golden Beauty parent was somewhat later in maturity 
than the smaller Red Cherry parent. 
Investigators of fruit size in tomatoes may be interested in the 
results of table V, since they are useful in determining which 
measurements of tho tomato are most directly related to the ac-
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tual weight of the fruit. Naturally the equatorial diameter is 
most closely associated with weight, the simple correlation in 
this case being .96 ± .01, which is considered as being unusually 
high. Polar diameter is next in importance with a corrclatio~1 
of .86 ± .02. Number of seed locules is third in importance with 
a correlation of .61 ± .04. Days to fbwering is not so highly cor-
related with fruit weight in this material ( .28 ± .06) . 
Probably the best comparison of the relative influence of each 
of the four characters in this cross may be gotten by consider-
ing their partial regression coefficients in table V. These coeffi-
cients are sometimes useful in determining the relative influence 
of any independent variable when the interrelations of these in-
dependent variables are taken into consideration. For example, 
whereas the polar dia,meter shows a high, simple correlation with 
fruit weight, it is apparent that some of this is due to the rela-
tions of this diameter 'with number of locules and with the equa-
torial diameter, since the partial regression coefficient of polar 
diameter on weight is surprisingly low in its relative value 
( .138). Evidrntly fruit weight in the tomato is largely con-
trolled by the equatorial diameter (partial regression coefficient 
of .815), and only to a small extent by polar diameter. Number 
of seed locules and time of blooming have relatively no appre-
ciable effect on weight when their partial regression coefficients 
are considered. These conclusions arc verified in Bonny Best x 
Yellow Peach and New Globe x Yellow Cherry crosses to bc dis-
cussed later. 'V ere it not for the verification offered by these 
crosses one might suspect that the partial regression coefficients 
,,~ere somewhat misle::tding. It may be noted, however, that par-
tial correlation determinations have led to similar conclusions 
with some of the same data. 
T able V. CORRELATION DATA FROM THE F, GENERATION CF 
THE RED CHERRY x GOLDEN BEAUTY CROSS 
I I Partia l r egress ion co-Simple corr e la tion efficien ts (weight as 
D;O;-a-y-s -Ct-O--;O;fI-ow-e-Cri-n-g------,-----'c'-"o.:ce'-'.ffi::.c:.'-ie::..:cn:c:t.:::.s-- depen~~~!6 variable) 
Correlated variables 
Polar diarnete'r . 34±. 06 
Equatorial diameter . 31±. 06 
Number seed locu ,es .06±.07 
Fruit w e ight .t8±.06 
Polar diamet e r .138 
EquatoriOlI diameter .87+ .02 
Number seed locu,es . 31± .06 
FrLlIt weig ht .86± .02 
Equatorial diameter .815 
Numoer seed iocul es .62± . 01 
Fruit w e ight . 96±. 01 
Number seed ioc ules 
.055 
Fruit w eight .61+.04 
Coefficient of:-:-=:::m::-:u:-;IOCti'=p-;cle:-------7-----'==-:.~-- ---------
corre~ation 
. 964 + .005 
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The coefficient of multiple correlation (.964 ± .005) is sur-
. prisingly high in view of the few characters dealt with. Had 
specific gravity been introduced into the complex it might have 
raised this coefficient slightly because weight of fruit is notice-
ably affected by specific gravity. This fact was suspected be-
cause of the surprising lack of curvilinearity in the regression 
lines. There was, for example, only a very slight suggestion of non-
linearity in the regression line of equatorial diameter on weight. 
One would natUl1nlly suppose that in dealing with a variable like 
weight in tomato fruits, which are spherical 01' ellipsoidal, any 
regression determination involving diameters and weight would 
exhibit a distinct curvilinear effect. A plausible explanation of 
its absence seems to have been discovered in the density of the 
fruits which apparently is directly dependent on the internal 
structure of the tomato fruit. It was noted that the larger fruits 
with their" meaty" core (endocarp and axillary placental tis-
sue) and consequently less watery condition have relatively less 
weight than the smaller fruits. This situation was verified by 
determining the specific gravity of a few different sized fruits. 
It was found that the sm.aller Red Cherry type had a specific 
gravity of about 1.02, whereas the Golden Beauty variety aver-
aged about 0.97 - 0.99. The Yellow' Peach variety, which is 
inclined to be somewhat hollow at times, had a still lower specific 
gravity, 0.95 - 0.97. Specific gravity determinations were dif-
ficult to obtain accurately, mainly because of the varying de-
grees of maturity of the fruit, a factor which is extremely im-
pOl'tant in specific gravity. 
Because of the apparent overwhelming influence of equatorial 
diameter on fruit weight, it was thought desirable to determine 
the interrelations of the other variables and weight when equa-
torial diameter was omitted. This being done, the partial re-
gression coefficients were found to be modified as follow'6: 
Time of flowering on weight ........... ... . . ......... .. . 003 
Polar diameter on weight .............................. 739 
Number of locules on weight ............................ 377 
Under such circumstances it is apparent that the variable, 
number of locules, is raised in importance as a determiner of 
weight and the same is naturally true of the polar diameter. 
,\Then time of flowering is dropped from consideration and 
only the three physical measurements of the fruit are used, the 
following partial regression coefficients are obtained: 
Polar diameter on weight ............................... 134 
Equatorial diameter on weight ......................... 809 
Numb€r of locules on weight ............................. 059 
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It is again evident that number of locules is a poor index of 
fruit weight among these three sets of measurements, and that 
polar diameter is diminished in impor:ance. 
It should be emphasized that, in crosses involving more rad-
ical differences with respect to the polar-equatorial diameter 
ratio, the polar diameter could very well exert a grel1ter influ-
ence on fruit weight than it does in this varietal cross. 
BONNY BEST X YELLOW PEACH CROSS 
This varietal cross was included in these investigations pri-
marily because it was the reverse of the preceding cross as in 
this case large size and the dominant color factors Rand Y 
were contributed by the Bonny Best parent. Accordingly, if 
there is such a phenomenon as a genetic linkage between a color 
and a size factor, large size cannot, in this cross, be associated 
with the recessive y color factor as it was in the Red Cherry 
x Golden Beauty cross. 
The parental varieties of this second cross had the following 
characteristics: 
Bonny Best (large)-RR YY 111 color; 273.6 grams average 
weight. 
Yellow Peach (medium) n· yy in color; 51.0 grams average 
weight. 
An Fl generation of 20 pl,ants was orange-red (Rr Yy) in 
color, and produced an average fruit weight of 97.6 grams, indi-
cating a slight dominance of the smaller size (see fig. 2). 
Table VI. HYBRID GENERATIONS OF THE BONNY BEST (LARGE) x. 
YELLO'W PEACH (MEDIUM) CROSS SHOWING AVERAGE WEIGHT 
(GRAMS) OF FRUITS IN RELATION TO FLESH AND SKIN COLOR 
Flesh color I Skin color 
Generation I Dil'fer- I I Differ-R'---c-"""':~_. r I ence Y y ence 
F,,",-:-ge-=-=n-::-:e"'r""C"a t"'i-::-:on::---iI,g,-;;o:-;. 9±1. 3 1 88.5±2.6 1 2 . 4±2~6±1.4 1~4±2.1 1 9.2±)~ 5 
RR YY x rr yy I 1 1 I 1 
No. of plants 118 I 20 1 113 1 35 1 
F.-xYellow- i I I 1 1 1---
Peach \ 72.1±1.2 69.9±1.1 2.2±1.6 1 73.3±1.2 1 68.5±1.1 1 4.8±1.fI 
No. of plants 79 101 U3 1 87 1 
Fl x Golden I 1 1 1 
Bea uty 119.4+4.4 113.1±4.2 6 . 3±6 . 0 116.0±4.4 1117.3±4.3 1-1.3±6.2 
No. of plants 16 12 I 1 13 i 15 1 
Duplica t e d 1 1 1 
next ye3.r 99.3±2.5 100.5±2.1 1-1.2+3.3 1105.7+2.2 1 95.2+2 . 3 110.5+3.2 
No. cf plants . n 28 - : 27 1 34 1 -
Fig. 2. Photogr3,ph of parents an d fir3t h y brid generation iruits, showing partial dOlllinance or slTI:l11 size. 
l e ft to ri g ht) Bonny Best (two fruits), first gene ,'ation hybrid , (two fruits) and Yellow Peach (two f ruits). 
Globe (olle fruit), first hybrid generation (four fruits) and Yellow Cherry (three fruits). 
Above (f"om 
Below, New 
f-' 
f-' 
l-:l 
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The Fe and backcross generations which werc grown in the 
field during the Eame season (1924 ) that the P l and F, genera-
tions noted above were duplicated, are arranged in table VI. As 
bcfore, the average fruit weight for each of the two pairs of 
color factors has been determined. 
Considering first the flesh color factors Rand 1', it is evident 
that in none of the hybrid generations is there any large differ-
ence in the average of the two color types. Three of the four 
plantings show a small difference in favor of the R-colOl' class, 
but in no case is it statistically significant. If a linkage exists 
it is so small (or the cross-overs are so numerous) that it is ob-
ccured by the variations in the material. 
When, however, the skin color factors Y and y in table VI are 
studied with reference to average weight of fruit, it is clear that 
the yellow-skinned types (Y) are noticeably heavier, with only 
one exception. In the exceptional case (F, x Golden Beauty) 
it will be noted that there were relatively few plants concerned, 
and that a duplicate planting made the following season resulted 
in a decisive increase in favor of the Y-type of fruits. With 
the one exception then, the dominant Y factor seems to be defi-
nitely correlated with larger -size; and the differences when 
tested by their probable errors are dependable. 
This relationship in the Bonny Best x Yellow Peach cross is 
offered as a verification for the existence of a genetic linkage 
between size and color factors discovered in the Red Cherry x 
Golden Beauty cross. It is considered as removing the possibility 
of explaining the correlation on a physiological basis, since in 
this cross the large size is associated with the dominant Y color 
factor, whereas previously the recessive y color factor had been 
found to be correlated with the larger size. Accordingly, it is 
felt that the reason for the association of Y and larger size in 
the Bonny Best x 1'" ellow Peach cross is that the Bonny Best var-
iety is carrying on the same chromosome the color factor Y and 
.a factor for larger size or weight of fruit. 
As a convenient manner of visualizing the relations between 
Y y and size, the frequency curves of the F 2 and backcross genera-
tions have been plotted in fig. 3. Here we have the came indi-
-cations of segregation for size classes, especially apparent in the 
backcross generations. It will be noted that in all three distri-
butions the yellow skinned (Y) fruits, shown by the solid line, 
are shunted to the right, an indication of greater weight. 
In harmony with the presentation of data on the previous 
.cross, table VII has been arranged in which characters other 
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BONNY BEST X YELLOW PEACH 
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Table VII. RELATION OF SKIN COLOR FACTORS TO OTHER CHARAC-
TEHS IN THE BONNY BEST x YELLOW PEACH CROSS 
I Days to I I Number Polar [Equatorial flowering Days to of locules I diameter diameter -,h~a=r __ v..:.e .:...st,-- mm. mm. 
y yY yY yY yY Y 
Generations 
F2 gener ation I 66.0 66.2 1 117.1 117.6 3 .6 3.2 1 47 . 4 47.3 1-57.655.5 
F,X Yellow Peach 67.0 71.0 118.1 118.6 3.3 2.9 1 44.2 42.5 I 53.2 51.4 
F, x Golden 1 1 
Beauty 66.6 66.8 117.0 114.4 4.3 4.2 1 49.9 49.5 1 62.2 61.9 
Duplicate plant- I 1 
ing No data 1 No data 4.0 4.1 No data 1 No data 
than weight are shown in their relation to the Yy color factors. 
This table merely offers some verification for the fact that domi-
nant Y in the Bonny Best x Yellow Peach cross is correlated 
more strongly with the greater weight than is y, as may be seen 
in the measurements of the fruits, other than weight. There 
are no consistent relations with time of flowering or maturity in 
this cross. 
The simple correlations between these characters of table VII 
and weight of fruit, and also the multiple correlation coefficient 
together with the partial regression coefficients, have been calcu-
lated for the F 2 generation of this Bonny Best x Yellow Peach 
cross. These data are presented in table VIII. 
There is a good, general agreement of the correlation data in 
this cross compared with that of the Red Cherry-Golden Beauty 
cross in table V. As before, the equatorial diameter has natur-
ally the greatest influence on fruit weight, followed in turn by 
the polar diameter , number of seed locules, time of maturity and 
time of flowering. It is especially noteworthy that the last two 
characters had no influence on fruit weight when measured by 
their partial regression coefficients. In this cross neither time 
variable was significantly linked with fruit weight. There was 
a good correlation between the two, however (.56 ± .04) . The 
coefficient of multiple correlation was again exceedingly high 
( .963 ± .004). 
NEW GLOBE X YELLOW CHERRY CROSS 
In this cross there is the interesting case of one dominant 
color gene being brought in by one parent and a second dominant 
color gene by the other parent. The parental color genotypes in 
this cross were RR yy and rr YY, and large size was contributed 
by the parent that carried the Rand y color factors. The cross 
serves as ·a comparison or check of the 'first cross in which a 
Cherry type of tomato was also used. 
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Table VIII. CORRELA.TION DATA FROM: THE F, GENERATION OF 
THE BONNY BEST x YELLOW PEACH CROSS' 
---0---I I Partial reg're3sion co-Correlated variables Simple correlation efficients (weight as 
==--::-;:-:;;===-:::-_______ ., __ ..::c::::o::::e.::ffi:::c::,:i.:::e:,:n:::ts"---_ depend en t variable ) 
Days of tlower;ng 1---- .025 
Days to harvcst .56 ± .04 I 
Polar diamete r - .03 ± .06 I 
Equatorial diameter -.01±.06 I 
Num bel' seed locu:es - .01 ± . 06 I 
Fruit weight .05± .06 
Days to harvest 
Polar diameter . 11 ± .06 
-.023 
Equatorbl diameter .13±. 05 
Numbe r seed locules . 02±. 06 
Fruit weight .08± .06 
Polar diameter .150 
Equatorial diameter .77 ± .02 
Number seed locules .21± .05 
Fruit weight . 77±.02 
Equatorial diameter 
Number seed locu ies .53c±:.0·1 
.773 
Fruit weight .96±.01 
Number seed locules .128 
Fruit weight_--'~=---- __ --'-C. 5:..:7~+,-,.-=-0.::..4 ___________ _ 
Coeffic;ent of multiple 
correlation .963+ .004 
'Calculations by K. IlL Liu. 
The actual weights concerned III this cross were as follows: 
New Globe variety-RR yy-152.0 grams average. 
Yellow Cherry varietY-TT YY -3.1 grams average. 
F, generation-RT Yy-20.4 grams average. 
Here again is the distinct, partial dominance of small siz8 in 
the first hybrid generation (see fig. 2). The plants were all 
grown during the same season. 
In the F 2 and backcross generations which appear in table IX, 
differences in average weight of fruits dependent upon their color 
Table IX. HYBRID GENERATIONS OF THE NEW GLOBE (LARGE) x: 
YELLOW CHERRY (SM_A.LL) CROSS SHOWJNG AVERAGE WEIGHT 
(GRAMS) OF FRIUTS IN RELATION TO FLESH AND 
SKIN COLeR 
Generation Flesh color I Differ_ II-----S-k-i-n-c-OI-o-r-1 ~D=iff~e-r---
..---,--:--,-_;c-:-_-,--,=-.R r ence y=---,~~co-.y ence 
F, generation I 22 8±0.8 1 18.1±1.3 1 4.7±1~1 21.9±0.9 I 22.2±1.1 I 0.3:±:1~ 
HR yy x rr YY/ 
No. of plants 71 14 63 I 22 1 ___ _ 
FYYe llOW--I--'-"---1 ' I I I 
Peach 38.7:t-1.2 31.5:t-1.4 1 7.2±1.9 I 34.2±1.6 i 37.0:t-1.2 I 2.B±2.0· 
No. of plants __ 4::.:7__ 32 I 34 I 45 I 
F;-;(Golden--I / I I I I N~~a~ftYpla nts 1 62 . 5fi;3. B
1
63 . 4~3. B -0. 9±5. 4 48. 8ii'i 1. 9 II 86. 0i';j 4.4 1
1
[37. 2±4. 8 
Duplicated 
n ext year 61.6±2.1 56.4-+:2.1 \ 5.2±2.9 \ 58.2+1.9 I 59.6±1.8 I 1.4±2.:> 
No. of plants I 36 I 37 35 I 38 I 
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'Table X. RELATION OF SKIN COLOR FACTORS TO OTHER CHARAC-
TERS IN THE NEvV GLOBE x YELLOW CHERRY CROSS 
Generations 
Days to I Number I Polar \ Equatorial flowering of locules diameter diameter 
mm. mm. 
Y yY y Y y Y y 
r" generation 
~.'. x Yellow Peach 
].<'. x Golden Beauty 
58 -:r-59Tj- 2-.9--2. S-j 29-. 9--31-:or:r3. 6--33.8-
63.6 64.3 3.2 3 .0 34.0 . 35.9 I 39.5 40.8 
61.2 62.2 3.8 4.8 38.4 43.5 1 45.6 55.6 
types are again apparent. As before, while there are no very 
large differences in the flesh color classes, yet there are appre-
ciable and consistent indications that the red (R) fruit class 
tends to be larger, which is to be expected, perhaps, since the 
New Globe parent carried dominant R and the larger size. In 
two of these hybrid generations the differences are statistically 
.significant. 
With respect to skin color genes Y and y, lit is again estab-
lished that the color type brought in by the larger parent (New 
Globe-yy) was invariably associated with the larger fruits. This 
W<l.S true in all three hybrid generations, but only in the back-
cross with the Golden Beauty type Was there a mathematical sig-
l1ificance to such a differencc in favor of the recessive y factor. 
The graphs of these three hybrid generations showing the re-
lation of size to the Y y color factors appear in fig. 4. While the ' 
.l<\ averages in table IX were not greatly different, the linkage 
between y and larger size stands out clearly in the curve of fig. 4 
in that very few of the smallest fruit classes are of the Y color 
type. The same situation occurs in the backcross generations. 
'Table XI. CORRELATION DATA FROM THE F, GENERATION CF THE 
NEW GLOBE: x YELLOW CHERRY CROSS' 
I I Partial regression co-Simple correlation etllcients (weight as 
n::=-o:-::-:;;-:-:==-=-______ , ___ c::,:o:.:e=tllcients d epende n t variabl e) 
:-nays to /lowering .017 
Correlated variables 
Days to harvest .34±.08 
Polar diameter .31 ± .08 
:Equatorial diameter .16 ± .09 
Number seed locules -.04+.09 
l"ruit w e ig'ht .20± .09 
',Days to harvest 
-.023 
Polar diameter .28 ±. 08 
:Equatorial diameter . 25±. 08 
,Number seed locules . OS::!: .09 
Pruit weight .22± .08 
'Polar diameter 
.182 
Equatorial diameter .91+ .02 
Number seed locules . 44± .06 
Fruit weight .92±.01 
Equatorial diame ter 
.819 
Number seed locules .68 ± .05 
Fruit weight .97±.004 
Number seed locules 
-.001 
Fruit w e ight .63+ . 03 
-Coetllcie ntOf-m-u""'lt7ip--;l-e---- __ --'c::.::.=-:..: 
correlation 
.979+ .003 
'Calculations by C. S. McCleskey. 
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Here are seen distinct evidences of size segregation in the mul-
timodal nature of the curves. 
The relations between the Yy color genes and characters other 
than weight have been arranged in table X as a matter of verifi-
cation. Correlation data for the F 2 generation of this cross are 
given in table XI. The similarity of the simple correlation coef-
ficients and the partial regression coefficients with those in the. 
other two crosses is striking. It is again very apparent that. 
number of locules plays no great part in fruit weight. The same. 
may be said of the time of flowering or maturity. Since these. 
same conclusions have been established in three crosses involving: 
six different varieties, there may be some degree of generality 
in them. 
MISCELLANEOUS CROSSES 
Six additional crosses involving color and size differences have 
been tested in the F2 generation, and the data arc grouped in 
table XII. A detailed discussion of each cross is not essential, 
but a few salient features may be mentioned. 
John Baer x Yellow Peach-With large size contributed by the 
John Baer variety ( RR YY), no relation between flesh color and 
size is apparent. The skin color factors, however, show an ap-
preciable influence of an association of Y and larger size, the 
difference not being statistically significant, however. 
Dwarf Giant x Yellow Peach-In this cross with the larger, 
dwarf variety contributing the color genes Rand Y, there is a 
consistent relation between R and greater weight in duplicate 
plantings. It is felt that this is sufficient evidence to indicate 
a slight linkage between the Rr color factors and size in this 
cross. The skin color genes exhibit no consistent relationship 
with size in the F2 generations. However, when the F 1 plant3 
of this cross were fertilized by the Yellow Peach and Golden 
Beauty varieties (rr yy) there was found a small, tho consistent 
correlation between both color factors and size. In the backcros3 
to the Yellow Peach variety the following averages of fruit 
weight ,occurred in the progeny grown in the greenhouse: 
Flesh color 
Red (R) 38.2 grams (59 plants) 
Yellow (1') 36.2 grams (61 plants) 
Skin color 
Yellow (Y) 38.8 grams (58 plants) 
Colorless (y) 35.7 grams (62 plants) 
The progeny from the cross of the F 1 plants on the larger 
Golden Beauty variety averaged as follows: 
Table XII. F, GENERATIONS OF MISCELLANEOUS CROSS;,;S SHOWING AVBRAGE WEIGHT (GRAIVIS) OF FRUITS IN 
RELATION TO FLESH AND SKIN COLGRS 
Crosses Flesh color \ ______ -,--_____ ---,-_____ _ 
R r D:ITercnce Y y Diffc-~ei1ce 
Skin color 
John Bacr x Ye ll ow P each I 
I I RR YY (large ) x rr yy (medium) I 74.1±1.2 73.9±2.1 0.2±2.4 7'1. 8±1.2 70.9±1.9 3.9±2.3 Numbe r· of pl ants in field I 108 37 I 116 29 
Dwarf Giant x Ye llow Peach I RR YY (large ) x rr yy (medium) 
Grown in fie ld 90.0±1.8 82 .8±3.0 7.2 ±3 5 
I 
87.6±1.8 89 . 6± 3 .0 -2.0 ±3 .5 
Number of plants 88 32 91 29 
Dupli cated in greenh ouse 41.6±1.1 36.2±1. 7 5 4±2 0 41.4 ±1. 1 36.7 ± 1.1 4.7±1.6 
Number of plants 69 20 69 20 
R e i Cherry x Ye ll0w Peach 
I 16.1±0.051 
RR YY (small) x rr yy (medium) 
Grown in fie ld 16.8 ± 0.05 -0 .7±0.OG 15.S±0 04 l S.6 ± 0 . OS 2. 8±0 . 09 
Number of pla nts 64 15 I 55 24 Duplica t ed in gTeenhouse I 12.0±0.2 11 .5±0.3 -0. 5±0.4 11. 8±0.2 12.2 ± 0.3 0 .4±0.4 Numbe r of plants 107 40 110 37 
John B aer x GoldwBeauty 
I 
I 
\ 
RR YY (l a rge ) x IT yy (sma ll e r) 
Grown in fi e ld 127. 4±2.3 11 3 . O± l. 9 I 11.4 ±3. 0 12·1. 3±2 2 122.5±3.5 1.8±4 Numbe r of plants 39 13 37 15 
Dwa rf Giant x Yellow Cherry I 
I 
I 
RR YY (l a rge ) x 1"1" YY (small) 14.0±0 . 4 14. 1±0 8 -O.l ± O.D I Number of pla nts in greenhou~e 57 20 
Bon!1Y B est x Ye llow Cherry I I RR YY (large ) x rr YY (sm::t1I) 
G rown in fi e ld- 1923 22. 8 23.2 -0.4 
I Numbe r of pla nts 38 11 G rown in greenhouse--1923 16 .0 10.8 5 . 2 
Number of plants 33 6 
I 
Grown in greenhouse-1924 I 12.7 14 .2 -1. 5 Number of p lants 63 17 
i-' 
tv 
o 
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Flesh color 
Red (R ) 57.9 grams (81 plants) 
Yellow (r) 54.1 grams (63 plants) 
Skin color 
Yellow (Y ) 58.1 grams (71 pllll1tS) 
Colorless (y) 54.5 grams (73 plants) 
While the differences are in no case very large, their consist-
ency gives some evidence of a slight linkage between both of 
the color factors and weight of fruit in this cross of a dwarf and 
a standard variety. 
Red Cherry x Yellow Peach-This is a cross involving rather 
small types of fruits in which the larger variety carries the re-
cessive color genes l' and y. 'While no relation of any importance 
exists in the matter of flesh color, there is a marked increase of 
weight in the recessive V class of fruits in the field-grown plant-
ing. The difference in this one case is beyond doubt highly sig-
nificant. 
John BaM' x Golden B cantv-This is a test involving the larger 
sort of fruits. A selection from the John Baer variety ( RR YY) 
averaged 119 grams during the season (1925 ) when the F 2 gen-
eration in table XII was grown, whereas a strain of Golden 
Beauty variety (1'1' YV) had a mean weight of 109 grams. Thus 
Rand Y were associated with the larger fruit in the parental 
generation. A statistically significant linkage between R1' and 
size seems to exist in this cross, since the red-fleshed fruits aver-
aged 14.4 ± 3.0 grams more than the yellow-fleshed fruits. No 
skin-color linkage was appar ent. 
Dwm'f Giant x Y ellow Chen'v-In this cross only the R1' color 
genes are involved, and the data give no evidence of any linkage, 
Bonnv B est x Y ellow Chcn'v-The F 2 results of this cross are 
variable, pointing to no correlation between Rr and size. Seven 
different backcrosses of the F 1 of this cross to the Yellow Cherry 
variety also gave absolutely no evidence of linkage. It is very 
interesting to observe, however, that one backcross generation of 
40 plants in which the Yellow Peach variety was used, instead 
of the Yellow Cherry, did show a correlation. In this case the 
R fruits averaged 32.6 grams and the l' fruits 27.8 grams. This 
difference (4.8 ± 1.9 ) is an appreciable one and is significant to 
a fair degree. The same F 1 generation was also backcrossed to 
the larger, double recessive 1'1" Vy , Golden Beauty variety. A 
linkage between R1' and size again was brought out when the R 
plants averaged 6004 grams and the r fruits 55.5 grams. This 
gives a difference of 4.9 ± 3.0 grams, which is scarcely signifi-
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('.ant. These two backcrosses illustrate very well the usual isoh-
tion of size differences, especially small ones, whenever the domi-
nance of the smaller varieties is offset. 
DISCUSSION 
Sufficient experimental data in the tomato have been presented 
to warrant the conclusion that genetic linkage exists between 
color and size factors. The evidence for linkage between size 
of fruit and color genes Yy, responsible for skin color of the 
tomato, seems to be indisputable. It occurred in seven different 
crosses. 
In the progeny from the following parents, the dominant Y 
color factor was correlated with the larger fruit: 
Bonny Best x YeHow Peach 
John Baer x Yellow Peach 
John Baer x Golden Beauty 
Dwarf Giant x Yellow Peach 
In most of the hybrid generations arising from these varietal 
crosses the difference in weight of fruit between the Y and y 
color classes in favor of the former was statistically significant. 
The reverse situation occUlTed in the following crosses: 
Red Cherry x Golden Beauty 
New Globe x Yellow Cherry 
Red Cherry x Yellow Peach 
In all three crosses of this type, in which the larger size was 
contributed by the parent bringing in the recessive color gene y, 
there were conclusive evidences of linkage between size factors 
and the skin color factors Yy. For example, in the Red Cherry-
Golden Beauty progenies the colorless-skinned fruits were prac-
tically 50 percent heavier than the yellow-skinned fruits. 
Accordingly it is demonstrated that such linkages or correla-
tions are genetic in nature and not physiological. In other 
words, the direction of the correlation or linkage was entirely 
determined by the manner in which the color genes and the size 
factors were contributed by the parental varieties. It is dif-
ficult to conceive of any other interpretation than that certain 
major size factors are borne on the same chromosome that carries 
the skin color genes Yy. Under such circumstances it seems en-
tirely logical to believe that size characters depend on the same 
chromosomal mechanism that so ably accounts for color inherit-
ance. 
With respect to flesh color genes Rr there were less pronounced 
correlations with size. However, in five crosses a noticeable 
l'elationship was found. In four cases, it happened that the 
dominant color gene R was correlated with the larger fruits. 
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This occurred in the progeny of the following crosses : 
Bonny Best x Yellow Peach 
New Globe x Yellow Cherry 
Dwarf Giant x Yellow Peach 
John Baer x Golden Beauty 
In only the second and fourth crosses were the differences sta-
tistically significant. In a fifth cross, Red Cherry x Golden 
Beauty, there was consistent evidence of a slight linkage between 
Rr and size, in which case the recessive color gene r was the one 
Qssociated with the larger fruits. 
It should be noted that in no case were such large size differ-
ences encountered with respect to the flesh color genes Rr as with 
the skin color genes Y y. It becomes of interest to speculate 
whether there may be any reason for the discovery of rather 
numerous and appreciable correlations of the Y y genes with 
size in contrast to the rarer cases of the Rr genes being linked 
with size factors. It is entirely possible that the nature of the 
chromosomes determines this difference. For example, the Y-
chromosome may be smaller or of such a nature that cross-overs. 
occur very infrequently, whereas the R-chromosome permits a 
larger degree of exchange of genes. Accordingly, it would be 
more difficult to detect linkage in the latter unless the color and 
size genes were very closely linked. 
Thus it is established thQt the tomato chromosomes bearing 
the color genes Rr' and Yy arc also carriers of the size factors. 
It is rather interesting to observe that such a situation was con-
firmed in a goodly number of varieties. In these investigation~ 
no varietal crosses made by the writer have been omitted, so that 
it appears as if this fact were not an exceptional condition. In-
asmuch as only 2 of the 12 pairs of tomato chromosomes, ·Winkler 
(11), are involved in this study, it would not be surprising t() 
discover that the other chromosomes are similarly situated. In 
fact, a beginning of such a verification has already been made 
with respect to a third chromosome pair that carries the linked 
factors Dd (tall·dwarf) and Pp (smooth-" peach"). This case 
is reserved for a future report. 
The proof aff.orded by these investigations on the tomato, 
coupled with the analagous cases in the inheritance of egg size 
in Drosophiln, ·Warren (9), and in seed size of Phaseoltts, S:L'C 
(5), Sirks (7), forces the conviction that the multiple-factor 
hypothesis of quantitative inheritance is on the road to verifi-
cation. Such work points definitely to the actual existence of 
chromosomal genes controlling size characters. Similar cases. 
will undoubtedly be discovered in other species of plants and 
animals. In this connection it may not be inapt to note an out-
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standing example in maize which appears to offer additional 
evidence. 
Among the numerous eight-rowed commercial varieties of 
corn, there arc none apparently with red cob color; all are 
white-cobbed. Is this a mere coincidence, or docs it mean that 
some inherent relation exists between cob color and row number 1 
Preliminary tests have indicated that this situation also may be 
interpreted as a case of genetic linkage between color and size 
factors, since the inheritance of row number in maize is appar-
ently dependent on multiple factors. 
Attention should be called to the fact that in these crosscs, 
involving a large and a small, or a large and a mediwn sized 
variety of tomato fruits, there was no evidence of major size 
factors which acted in a complementary fashion such as were 
found by P. A. 'Warren (10) for fruit shape or fasciation in to-
matoes. No linkage between size and color was found in which 
the smaller parent, for example, contributed a factor for larger 
size of fruit. This, perhaps, might not be expected in crosses in 
which the F, b'eneration fruits were smaller than the average of 
the parental type:;, in which no transgressive segregation oc-
curred in the F 2 generation, at least as far as obtaining a plant 
with fruit as large or larger than the larger parent was con-
cerned. Why detectable, complementary factors for fruit shape 
exist, and are apparently absent as far as fruit size is concerned 
is not apparent, unless it be due to the particular nature of the 
varieties used in combination with each other. 
In this connection it may be noted that size characters in the 
tomato are somewhat peculiar in their F 1 behavior. Whereas 
the F 1 tomato plant ordinarily shows the marked vcgetative 
vigor of heterosis, the F 1 fruits themselves are characteristically 
sml111er than the parental average, thus exhibiting no heterosis. 
This has been attributed to the influence of the dominance of the 
factors for small size, a fact which is verified to some extent in 
the F 2 generation which shows some skewness, the mode being 
nearer the smaller end of the distribution. From this it may be 
argued that ·each size factor in the tomato exerts an effect, ordi-
narily with the phenomenon of dominance, and that strict com-
plementary action, whereby one factor alone exercises no influ-
ence, is not characteristic of size in tomato fruits. 
An cxperience of the writer with respect to his study ef size 
inheritance is deemed of sufficient importance to justify com-
ment, if only to aid other investigators doing similar work. Thru-
out these tomato investigations it may be noted that invariably 
the greatest differences in the color-size linkages were obtained 
in the backcrosses, especially those in which the homozygous 
parent was a larger variety. The apparent cause for this phe-
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non:e:1011 is the "ur.locking" of the dominance of small size, 
characteristic of most tomato varietal crosses. There is ordi-
11a1'ily enough dominance exhibited in the F 2 generation so that 
size differences among the smaller fruit types te~ld to become 
obliterated. Accordingly, the backcross method of "breaking" 
this dominance by spreading the frequency distribution over a 
wider range, would seem to be helpful in attacking size inherit-
anco under such circumstances. Backcrosses with the smaller, 
homozygous varieties have always proved disappointing in re-
spect to analyzing size differences. 
In the matter of choosing characters in the tomato for studies 
of size inheritance, the multiple correlation studies in tables 
V, VIII and XI should prove of some use to r esearch workers. 
In the writer's experience, time of blooming and time of harvest 
(maturity of first-cluster fruits) in tomatoes have been rather 
variable things, primarily because of their sensitive reaction to 
temperature and sunlight. Even in the greenhouse under the 
most ideal conditions, a period of cloudy weather would notice-
ably disturb the relative time of flowering. Time of fruit ma-
turity was made somewhat uncertain mainly because of the vari-
aticn of the individual plant, whereby sometimes one fruit on 
the first cluster would ripen, followed by others, while at other 
times the remaining fruits on the first cluster would come to a 
standstill, and the second and third cluster fruits commence to 
ripen. The partial regression coefficients in all the crosses 
studied showed fairly clearly that neither of the above charac-
ters influenced the ultimate weight of fruit appreciably. This 
was true even in the New Globe-Yellow Cherry cross that in-
volved wide differences of blooming and maturity. 
Number of locules proved to be poorly related to fruit weight. 
This is taken to mean that the number of locules is not so im-
portant in determining fruit weight as is the actual structure 
within the fruit, including the thickness of the endocarp (ovary 
wall), the extent of the placental tissue, and the presence or ab-
sence of cmpty space sometimes found between the seed and 
endocarp. For example, in practically all of the crosses involv-
ing the Yellow Peach variety, it was noted that this variety con-
tributed a characteristic of "hollow" fruits to some of the off-
spring. Apparently in this case the ovary wall grows too large 
for the enclosed placental tissue which bears the seeds. In such 
fruits, weights and diameter measurements are poorly correlat-
ed. For this reason either specific gravity readings or notes on 
the internal structure are necessary for exact determinations. 
Polar diameter of the fruit w:as found to have a surprisingly 
smaller influence on fruit weight than the equatorial diameter, 
despite the fact that the simple correlations between polar diam-
eter and weight were significantly hig'h in value. 
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If the observations on color and size factors in these expcri-
mcnts are verified with the other chromosomes of this species so 
that size factors are finally located on all of the 12 tomato 
chromosomes, it becomes evident that size inheritance is so com-
plex that it will probably never be solved satisfactorily by the 
crude methods in vogue at the present time. In other words, the 
isolation of specific size factors in F 2 generations of crosses of 
large and small types, even when tested in F 3 and later hybrid 
generations" becomes so involved that conclusive results are 
likely to be absent. This is especially true if the manner in 
which the various size factors interact in development is to be 
determined. The most plausible mode of attack would Eeem to 
be offered in the use of size-color linkages, developed by the 
backcross method. One disadvantage may be encountered here, 
unfortunately, and that is the possible occurrence of cross-overs. 
If such are found, however, another link in the chain of evi-
dence pointing to the chromosomal nature of size determination 
will have been forged. 
SUMMARY 
Data on color inheritance in tomato fruits are summarized and 
proof offered that Rr and Y y color genes are independently in-
herited of each other, and accordingly reside on different pairs 
of chromosomes. 
Conclusive evidence is presented to demonstrate that genetic 
linkage occurs between color factors and size factors. Specific-
ally it was est::tblished that the Yy pair of color genes, controll-
ing skin (epidermis) color in tomato fruits, are so associated with 
certain hereditary factors that control weight of fruits that a 
genetic linkage between the two presents the most plausible ex-
planation for the correlation. Accordingly, it is suggested that 
in certain varieties of tomatoes the homologous chromosomes 
bearing the skin color factors Yy also contain major size factors. 
Linkages between the Rl' pair of color genes, determining the 
flesh colors of tomato fruits and size factors were also discov-
ered. These were more infrequent, however, and not so clearly 
evident. 
Multiple correlation studies involving the independent vari-
ables, time of flowerin g, days to maturity, polar and equatorial 
diameters of fruit and number of seed locules, and the depend-
ent variable of fruit weight are discussed. Using the partial re-
gression coefficients as indicators, it was found that time of flow-
ering and days to harvest had no appreciable effect on weight 
of fruit. Number of seed locules had practically no influence 
on fruit weight. The two physical measurements, polar and 
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equatorial diameter, obviously determined fruit weight to a con-
siderable extent, altho the influence of the polar diameter was 
surprisingly small in comparison with the eguatorial diameter. 
It was found that the specific gravity of tomato fruits was vari-
able, there being a t endency for the smaller fruits to have a high-
er specific gravity. 
In general, it may be added that all the evidence in this re-
port points rather clearly to the fact that hereditary factors for 
size characters depend on the same chromosomal mechanism 
which so competently determines the nature of color inheritance. 
(1) 
(2) 
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